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Abstract 

Background: Malignant middle cerebral artery (MCA) infarction is a devastating 
clinical entity affecting about 10% of stroke patients. Decompressive craniectomy 
has been found to reduce mortality rates and improve outcome in patients. 

Methods: A retrospective case review study was conducted to compare patients 
treated with medical therapy and decompressive surgery for malignant MCA 
infarction in Hospital Kuala Lumpur over a period of 5 years (from January 2007 to 
December 201 2). A total of 125 patients were included in this study; 90 (72%) patients 
were treated with surgery, while 35 (28%) patients were treated with medical therapy. 
Outcome was assessed in terms of mortality rate at 30 days, Glasgow Outcome 
Score (GOS) on discharge, and modified Rankin scale (mRS) at 3 and 6 months. 

Results: Decompressive craniectomy resulted in a significant reduction in mortality 
rate at 30 days (P< 0.05) and favorable GOS outcome at discharge (P< 0.05). Good 
functional outcome based on mRS was seen in 48.9% of patients at 3 months and 
in 64.4% of patients at 6 months (P< 0.05). Factors associated with good outcome 
include infarct volume of less than 250 ml, midline shift of less than 1 0 mm, absence 
of additional vascular territory involvement, good preoperative Glasgow Coma 
Scale (GCS) score, and early surgical intervention (within 24 h) (P< 0.05). Age and 
dominant hemisphere infarction had no significant association with functional outcome. 

Conclusion: Decompressive craniectomy achieves good functional outcome 
in, young patients with good preoperative GCS score and favorable radiological 
findings treated with surgery within 24 h of ictus. 

KeyWords: Decompressive craniectomy, malignant cerebral infarction, middle 
cerebral artery infarction 
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INTRODUCTION 

Malignant middle cerebral artery (MCA) infarction 
is a clinical entity affecting up to 10% of all patients 



diagnosed with ischemic stroke. It is defined as an 
infarction involving an area encompassing at least two 
thirds of that supplied by the MCA. [/ ' Cerebral edema 
associated with infarcted brain tissue is responsible for 
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the devastating effects of this condition. This edema 
results in mass effect which causes displacement of brain 
tissue and an increase in intracranial pressure (ICP). The 
initial presenting features include symptoms and signs 
of MCA occlusion, such as hemiparesis, hemiplegia, 
gaze preferences, and altered consciousness. [4,SI These 
patients, however, deteriorate rapidly within the first 
48 h, heralding the presence of mass effect that can 
have potentially fatal consequences. ^ Intensive medical 
therapy with mechanical ventilation, osmotic diuretics, 
hypothermia, sedation, and hyperventilation have so far 
been ineffective, with reported mortality rates being as 
high as 80% despite optimum medical management. [5,7,8,221 

Decompressive craniectomy has been proposed as a 
treatment option for large hemispheric infarctions with 
cerebral edema. [t) ' 17,211 The rationale of the treatment is to 
create space to accommodate for expansion of the swollen 
brain, thus allowing for normalization of intracranial 
pressure, preventing brain tissue herniation, and preserving 
cerebral blood flow to prevent secondary brain damage. [9 ' U ' 
Decompressive craniectomy was initially proposed as a 
treatment option for malignant MCA infarction in 1956 by 
ScarcellaJ 2 ' Since then, various nonrandomized trials and 
reports have been published, citing its beneficial effect 
in reducing mortality in patients with malignant MCA 
infarction. Early critics cited the poor functional outcome, 
particularly with dominant hemisphere involvement, 
resulting in higher percentage of surviving patients who 
were dependent on caregivers, increasing their burden. 
Furthermore, the complication from surgery as well 
as the cosmetic deformity was deemed unacceptable. 
Various unresolved issues remained in these early trials, 
which included timing of surgery; age limit, the limits 
of acceptable outcome and patient selection. Results 
from three European randomized controlled trials for 
decompressive craniectomy in malignant MCA territory 
infarction,theDECIMAL,[ 9 ]FiAMLET,[ ll) ]andDESTINY[ 11 ]trials 
published in 2007, demonstrated a significant reduction in 
mortality rates and improvement in functional outcome 
in patients treated with decompressive craniectomy 
as compared to medical therapy [Table 1]. Key factors 
associated with favorable outcome include younger age 
and early surgical treatment. 

This study was conducted to compare the difference 
in outcome in terms of mortality rate at 30 days and 
functional outcome at discharge and 3 and 6 months 
following decompressive craniectomy for treatment of 
malignant MCA infarction and medical treatment, as well 
as to study the association of factors influencing outcome 
in patients treated with decompressive craniectomy. 

METHODS 

A retrospective case review of patients diagnosed with 
malignant MCA territory infarction admitted to the 
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neurosurgery department of Hospital Kuala Lumpur 
between January 2007 and January 2012 was performed. 
Data were collected from patients' medical records, 
surgical records, and radiological images. A total of 
125 patients between the ages of 18 and 65 years were 
included in this study. Malignant MCA territory infarction 
was defined as an infarction of at least two-thirds 
of MCA territory with evidence of space-occupying 
edema and mass effect on non-contrasted computed 
tomographic (CT) imaging of the brain. Volume of infarct 
was calculated using the ABC/2 method. This method has 
shown to rapidly and accurately estimate infarct volume 
size on CT scan, and has high intra-rater and inter-rater 
variability (71-99%). [12151SI Pretreatment clinical evaluation 
was based on the Glasgow Coma Scale (GCS). [WI Surgical 
treatment consisted of standardized decompressive 
craniectomy measuring 10 x 12 cm in diameter with 
fascio-duroplasty. Those receiving medical therapy 
included treatment with osmotic diuretics, sedation, and 
mechanical ventilation without any surgery. All patients 
underwent cerebral protection in the neurosurgery 
intensive care unit (ICU) for duration of 24-48 h, and 
weaning of therapy was done based on clinical and 
serial CT scan findings. Outcome measured was assessed 
based on mortality rate at 30 days, Glasgow Outcome 
Score (GOS) on discharge,' 2 " 1 and modified Rankin 
scale (mRS) at 3 and 6 months. Patients with a CCS score 
of 6 and below or those with evidence of absent brain 
stem reflexes were excluded from this study. 

Statistical analysis 

Sample size calculation was done using Power and 
Sample Size Calculation (PS) Software, [5] with a level of 
significance (a) of 0.05 and a power of 0.80. Based on 
the mortality rate in the study center and considering 
a dropout rate of 20%, the calculated sample size was 
127 patients, with 90 patients for treatment with surgery 
and 37 patients for treatment with medical therapy. 
Data entry and analysis were done using the Statistical 
Package for Social Sciences (SPSS) Software, version 19. 
Pearson's Chi-square test and Fisher's exact test were 
used to determine significant differences in outcome 
based on mortality rate at 30 days, GOS at discharge, and 

Table 1: Summary of randomized clinical trials 



Study, year No of Age, Mortality (%) Good outcome (%) 
patients years Surgica | Medica | Surgical Medical 



DESTINY, 2007 


32 


18-60 


17.6 


53.0 


47.0 


27.0 


DECIMAL, 2007 


38 


18-55 


25.0 


77.8 


50.0 


22.2 


HAMLET, 2009 


64 


18-60 


22.0 


59.0 


25.0 


25.0 


Pooled analysis, 


93 


18-60 


75.0 


29.0 


75.0 


24.0 



2007 

DESTINY: decompressive surgery for the treatment of malignant infarction of the 
middle cerebral artery, [l0] DECIMAL: decompressive craniectomy in malignant middle 
cerebral artery infarction, [9] HAMLET: hemicraniectomy after middle cerebral artery 
infarction with life-threatening edema [l2] 
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mRS at 3 and 6 months between patients treated with 
surgery and medical treatment, as well as to determine 
significant difference in factors influencing outcome in 
patients treated with surgery. The GOS was dichotomized 
as favorable outcome (GOS 4 and 5) and unfavorable 
outcome (GOS ^3), and the mRS as good outcome 
(mRS 4-6) and poor outcome (mRS <3). Variables 
with P values less than 0.05 and clinically relevant 
variables (P > 0.05) were subjected to multivariate 
logistic regression analysis to determine independent 
associative factors for long-term outcome based on mRS 
at 6 months. For this purpose, the GOS was dichotomized 
as favorable (GOS 1-2) and unfavorable (GOS 4 and 
5), and the mRS as good outcome (mRS 0-4) and poor 
outcome (mRS 5 and 6). 

RESULTS 

A total of 125 patients with malignant MCA territory 
infarction during the study period were included in this 
study. The mean (±SD) age of patients was 53.8 (±7.17) 
years. The age range was between 34 and 65 years, 
with a majority of them being within 46-55 years of 
age (43%). Non-dominant hemisphere was involved 
in 66 patients (52.8%), while dominant hemisphere 
involvement was seen in 59 patients (47.2%). All patients 
had at least one scan done within 24 h of stroke onset, 
and a repeat scan done within the following 24-48 h. 
Mean time from stroke onset to brain CT scan was 10.5 h. 
Infarct volume ranged between 200 ml and 340 ml, and 
was classified as either less than or exceeding 250 ml. 
Infarct volume exceeding 250 ml was seen in 57% of the 
total population sample (72 patients). Median midline 
shift in this cohort was 7.34 mm, and a cut-off of 10 mm 
was used to stratify patients. Midline shift exceeding 
10 mm was noted in 52% of the patient population. 

A total of 90 patients (72%) were treated with surgery, 
while 35 patients (28%) were managed with medical 
therapy. Majority of the patients (87%) had a GCS score 
of between 6 and 9 before surgery. Mean time (±SD) 
between stroke onset and surgery was 26.8 h (±8.3). 
A significant difference was noted between patients 
treated with decompressive surgery and those treated 
with medical therapy in terms of mortality rate at 
30 days, GOS at discharge, and mRS at 3 months 
and 6 months [Table 2]. Patients treated with surgery 
had a mortality rate of 30, ascompared to 54.3% in 
patients treated with medical therapy (P < 0.05). 
Favorable outcome based on GOS at discharge was 
noted in 37.8% of the patients treated with surgery, 
as compared to 2.9% of the patients treated with 
medical treatment (P < 0.05). Good outcome based on 
dichotomized mRS (mRS <4) was seen in 48.9% and 
64.4% of patients treated with surgery at 3 months and 
6 months, respectively, compared to 2.9% and 17.1% of 
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patients receiving medical treatment at 3 months and 
6 months, respectively (P < 0.05). 

In patients treated with surgery, the factors significantly 
associated with good outcome at 6 months [Table 3] 
were volume of infarct less than 250 ml (P < 0.001), 

Table 2: Comparison of outcome in patients with 
malignant MCA territory infarction treated with surgery 



and medical therapy 


Outcome measure 




Surgery 


Medical 


P value 






(n=90) (%) 


(n=35) (%) 




Mortality rate at 30 days 








Alive 




63 (70.0) 


16(45.7) 


0.011* 


Death 




27(30.0) 


19(54.3) 


/ 2 =6.391 


GOS at discharge 










Unfavorable 




56(62.2) 


34(97.1) 


<0.001* 


Favorable 




34 (37.8) 


1 (2.9) 


/= 15.243 


mRS at 3 months 










Poor outcome 




46(51.1) 


34(97.1) 


<0.001* 


Good outcome 




44(48.9) 


1 (2.9) 


/ 2 =23.176 


mRS at 6 months 










Poor outcome 




32(35.6) 


29(82.9) 


<0.001* 


Good outcome 




58 (64.4)) 


6(17.1) 


/ 2 =22.566 


*Pearson's Chi-square test./ 2 =Chi-square value. GOS: Glasgow outcome 


score (dichotomized), mRS: Modified rankin scale (dichotomized) 




Table 3: Factors influencing outcome at 6 months in 


patients treated with surgery 






Factors 


n 


Good 


Poor 


P value 






outcome (%) 


outcome (%) 




Age (mean) (years) 










<45 


21 


14(66) 


7(33) 


0.802* 


>45 


69 


31 (44) 


28(40) 




Site of infarction 










Left 


41 


25 (61) 


16(39) 


0.529* 


Right 


49 


33 (67.3) 


16(32.7) 




Infarct volume (ml) 










<250 


39 


36 (92.3) 


3 (7.7) 


<0.001* 


>250 


51 


22 (43.1) 


29 (56.9) 




Midline shift (mm) 










<10 


50 


46 (92) 


4(8) 


<0.001* 


>10 


40 


12(30) 


28(70) 




Additional 










ACA/PCA 


20 


2(10) 


18(90) 


<0.001* 


Pre-op GCS 










GCS 10-13 


11 


10(90.9) 


1 0.1) 


0.003* 


GCS 6-9 


79 


48 (60.8) 


31 (39.2) 




Surgery interval (h) 










<24 


45 


44 ( 98) 


1 ( 2.4) 


<0.001* 


>24 


45 


15(33) 


26(58) 




Hemorrhagic 


22 


7(12.1) 


15(46.9) 


<0.001* 



transformation 



Outcome based on modified Rankin scale at 6 months.* Pearson's Chi-square value. 
n denotes the number of patients. ACA: Anterior cerebral artery, PCA: Posterior 
cerebral artery, Pre-op: Preoperative, GCS: Glasgow coma scale 
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midline shift less than 10 mm (P < 0.001), absence of 
additional vascular territory involvement (P < 0.001), 
preoperative GCS of 10-13 (P = 0.003), and time interval 
to surgery within 24 h (P < 0.001). Age and dominant 
hemisphere involvement were not significantly associated 
with outcome at 6 months (P > 0.05). Postoperative 
complication of hemorrhagic transformation was 
significantly associated with poor outcome at 
6 months (P < 0.001). 

Significant predictors of good outcome at 6 months 
based on multivariate logistic regression analysis [Table 4] 
were absence of additional vascular territory involvement 
[odds ratio (OR) 0.031; 95% confidence interval 
(CI) 0.002-0.409)] and midline shift of less than 
10 mm (OR 7.524; 95% CI 0.002-0.409). 

DISCUSSION 

The results from this study reaffirm the beneficial role of 
decompressive craniectomy in reducing mortality rate and 
improving functional outcome in patients with malignant 
MCA territory infarction. Decompressive craniectomy 
reduced the 30-day mortality rate by 24.3% and the 
proportion of patients with unfavorable outcome at 
discharge by 34.9%. Good functional outcome (mRS 0-4) 
was seen in 48.9% and 64.4% at 3 months and 6 months, 
respectively, in patients treated with surgery, compared 
to 2.9% and 17.1%, respectively, in patients treated with 
medical treatment. Percentage of patients treated with 
surgery and with moderate to slight disability (mRS 0-3) 
was 27.8% at 3 months and 50% at 6 months, while no 
patients treated with medical therapy achieved an mRS 
score of 0-3 at 3 months and 6 months. Percentage of 
patients left bedridden with severe disability at the end 
6 months was 4.4% with surgical treatment and 25.7% 
with medical treatment. At the end of the follow-up 
period, 67% of patients treated with surgery and 43% 
of patients treated with medical therapy were alive. An 
increase of 15% in good functional outcome from 3 to 
6 months was noted in both treatment groups, similar 
to the observations reported by various authors. This is 
probably a reflection of the natural healing process by 
neuromodulation over time.' 1 ' Additional contributing 

Table 4: Multivariable binary logistic regression analysis 
of outcome at 6 months in patients treated with surgery 



Independent B Wald Pvalue Adjusted 95% CI for 

variables odds ratio ratio odds 

Midline shift (mm) 

<10 2.018 7.712 0.005 7.524 1.811 31.267 

>10 0.000 - - 1.000 

ACA/PCA 

Yes -3.462 6.984 0.008 0.031 0.002 0.409 

No 0.000 - - 1.000 



ACA/PCA: Anterior cerebral artery/posterior cerebral artery, GCS: Glasgow coma scale 
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factors include aggressive rehabilitation measures, 
physiotherapy, management of secondary complications, 
and control of underlying risk factors. The percentage of 
good outcome at 3 months and 6 months in this series is 
comparable with that reported in earlier studies,' 9 ' 6161 but 
is lower than the reported figures in three randomized 
trials. I 10 - 11 ' 21 ] A possible explanation for this is the inclusion 
of patients beyond the age of 60 years in this study 
population, compared to the randomized trials, where 
the patient age limit was set at 60 years. 

Patients with a mean age of 50 years had 
significantly better outcome at discharge and at 
3 months and 6 months, regardless of the treatment 
modalities (P = 0.002, P = 0.001, and P = 0.015, 
respectively). In patients treated with surgery, no 
significant association was noted between age groups and 
patient outcome at 6 months. The percentage of patients 
achieving good outcome (mRS 0-4) was comparable 
between patients younger than 55 years and older than 
56 years. When analyzed based on mRS of 0-3, good 
outcome was seen in 54% of patients younger than 
55 years at 6 months, as compared to 46% in patients 
older than 56 years (P > 0.05). A trend of improved 
functional outcome was noted with younger age, with 
76% of patients younger than 45 years achieving good 
outcome at 6 months (mRS 0-4), and 68% having mRS 
of 0-3 at 6 months. An interesting finding in this study 
is an improved outcome in patients between 56 and 
65 years of age compared to patients between 46 and 
55 years of age, who were treated with surgery. Similar 
findings were also noted in the HAMLET trial.' 1 " 1 It can 
be postulated that older patients may be protected from 
the effects of cerebral edema due to cerebral atrophy and 
they deteriorate over a longer time interval.' 1,21 Conversely, 
younger patients who have not suffered the effects of 
cerebral atrophy may deteriorate faster, and present with a 
lower preoperative GCS score. In this study, preoperative 
GCS score was found to be significantly associated 
with patient outcome at 6 months, and this factor may 
explain the comparable outcomes observed in this study 
at 6 months between younger and older patients. 

Good functional outcome at 6 months was seen in 
patients aged 56-65 years and treated with surgery (64.4% 
good outcome), compared to patients treated with 
medical therapy (25% good outcome), which suggests 
a potential benefit for surgery in this age group. In a 
recent study, ^- 2 ^ analysis of outcome following surgery 
for malignant cerebral infarction in 131 patients aged 
70 years or older showed a lower mortality rate in the 
group treated with surgery compared to the medically 
treated group. There is still ongoing debate with regards 
to the exact age limit that influences outcome in patients. 
Patient's health status, functional and cognitive status, 
daily living index, comorbidities, neurological condition 
on presentation and extent of infarction, social and 
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employment situation, as well as patient's and family 
expectations should be taken into account in treatment 
decisions. 

The GCS score was used as the primary tool of 
assessment in this study. GCS score has a strong 
predictive value for early mortality and functional 
outcome in patients with malignant infarction.' 231 
Favorable outcome on discharge was noted in 81% of 
patients with preoperative GCS score 10-13, compared 
to 31.6% of patients with a preoperative GCS of 6-9. 
Good functional outcome was noted in patients 
with preoperative GCS of 10-13 at 3 months (81.8%) 
and 6 months (90.9%), compared to those with a 
preoperative GCS score of 6-9 (45.6% and 60.8%, 
respectively). In keeping with the findings from 
previously published papers, the GCS score is accurate 
in predicting early mortality and outcome in patients 
with malignant MCA territory infarction.' 23 ' 

Results from the European trials,' 10 ' 11 - 21 ' showed that 
outcome form dominant hemisphere involvement was 
comparable with that from non - dominant hemispheric 
infarction. Similar findings were noted in this study. 
Dominant hemisphere infarction was significantly 
associated with unfavorable outcome at discharge and 
at 3 months follow - up. However, at 6 months follow-up, 
good outcome was noted in 61% of patients with 
dominant hemisphere involvement and 67% of patients 
with non-dominant hemispheric involvement. It can be 
postulated that dominant hemispheric infarction may 
impair the initial phase of recovery, and cause biasness 
in outcome assessment. With neuromodulation and 
rehabilitation, an improvement in deficits over time may 
result in improved long-term outcome in patients.' 1 ' 

Infarct volume has been shown to be significantly 
associated with patient outcome. An infarct volume 
of more than 250 ml in patients treated with surgery 
was associated with poor outcome at 6 months, a 
significant difference when compared to an infarct 
volume of less than 250 ml (P < 0.05). An infarct 
volume of more than 240 ml was predictive of malignant 
transformation with 76% accuracy, and an infarct 
volume of more than 280 ml was associated with poor 
outcome.' 14 ' A similar association was noted between 
the extent of midline shift and additional vascular 
territory involvement with patient outcome in the 
surgical group. A significant difference between the 
extent of midline shift and outcome was noted, with 
good outcome at 6 months seen in patients with midline 
shift of less than 10 mm (P < 0.05). Additional vascular 
territory involvement was also significantly associated 
with outcome in patients in the surgical group, with 
poor outcome at 6 months noted with additional 
vascular territory involvement (P < 0.05). A larger 
infarct volume, midline shift, and additional vascular 
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territory involvement led to increased mass effect and 
brain herniation, resulting in compression of brainstem 
structures and a decrease in potentially viable ischemic 
brain tissue. This finding is in keeping with known 
predictors of outcome in MCA territory infarction. 

Hemorrhagic transformation was seen in 24% of patients 
treated with surgery, and this was significantly associated 
with outcome at 6 months (P < 0.001). Development 
of hemorrhagic transformation can be due to shearing 
injury of the brain tissue which herniates beyond 
the craniectomy margins, or an increase in cerebral 
perfusion pressure following surgery leads to reperfusion 
injury of ischemic or infracted brain tissue with altered 
autoregulation and microvascular structural defects. 
Postoperative hydrocephalus occurred in 21% of patients 
treated with surgery, and was significantly associated with 
poor outcome at discharge and at 3 months, but there 
was no significant association with outcome at 6 months. 
This is possibly due to treatment for hydrocephalus with 
CSF diversion procedures or early cranioplasty in these 
patients. 

CONCLUSION 

Decompressive craniectomy significantly reduces 
mortality rate and improves functional outcome. Patient 
selection plays a key role in translating the beneficial 
effects of surgery. Factors significantly influencing 
outcome in this study were age, GCS on admission and 
preoperatively, extent of infarction and mass effect, and 
time interval from onset to surgery. Additional vascular 
territory involvement and midline shift of more than 
10 mm were significantly associated with poor outcome 
at 6 months. Dominant hemisphere involvement had 
no significant effect on outcome in this study. The issue 
of age limit remains unclear as older patients subjected 
to surgery had lower mortality rate compared to older 
patients who were treated medically in this study. 
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